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(57) Abstract: An organic EL 
device comprises a first electrode 
consisting of light-reflecting 
material, an organic layer with 
an organic luminescent layer 
and acting as a resonator, and 
a second electrode consisting 
of a reflective half-transparent 
layer and a transparent material. 
To obtain light resonating with 
a certain spectrum width, L 
is minimized provided that 
(2L)/A+sg(f)(27r)=m is satisfied, 
where </> (in radian) is the phase 
shift appearing when the light 
from the organic luminescent 
layer reflects at both ends of the 
resonator, L is the optical distance 
of the resonator, and A is the peak 
wavelength of a desired spectrum 
of light. 
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3fc£383te-r**r*E Llg^li/^y 7 7 U3a^l5flnmitl: 
1 3 (DmmZWMlstz. S9 0ti, £<£>J±i&0iJi|t]1=£ 

20 ibfflyj aU-y 3 >^Jf*0, C © g| cd x ^ ? h ;U t W^f^TtJl 1 

3 c x-§£?tts -tttzjtz £m=F&z izm*) & Ltzytnx^? 

25 1 3 <D mm Zs&Zi- iT\ t«EL*^^IR0ai*n4^ 

h Sr^fiT^ t-^-cDX^ ^ h ^<£fll£fc<£>*MjKcD/i;;* 

1 3 
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mi 0H(±, IP 1 HftJgffit=J:*WfllE LSg? (m= 0 ) 
5 f£#'|±£7nL. ^TlKSLTO' (JEM) „ 3 0° . 6 0° W^JS 
-emfetsntzm (G) <z>M:ltf> $1 i 

Hl±. it^ia^iELI? (m= 1 ) fflSffftft#ttiit^7 7 
T-£<S> 0 

SH 1 0 BXtf* 1 1 0«rit«LT#** <fc -9 (w % If? 1 mfcBmiz* 

l5i:^^•v7^LTfc•bf, 6 0° fnfc#^*oTt7^n;b 

0nmlgo->7K:iR*,T^4. Z\tilztf\_X}£%i 

mo&mE L^^rsi. s i i ntc^-r «fc -5 6 o • -rn 

20 0 v y? vfr&Jlfc*^ it ( 6 ) ti, TlHOit ( 8 ) ©J:oi;fi 
(2L) /Txcosfi+d)/ (2i) =m(mW|!) (8) 

;b?!8&<9x-<? h;ko t-t&t^ (8 ) ^£>aa = 

25 d-cosfl) a ttt K), Pkmmmm.*m&-tz>tzti>(D%®.m<Dm 

1 4 
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b jU^'^fc t>^T'iHC: < „ -ftefc>*>7*n - ft * A: # , 0 fcfc 
Ml*-*;: 

10 Kte&tfMi. i^©J;T^lil:<t^. 7;-Kft, t^tb^^ll 
ft 1 2 t* V- KWffi. -Ttt4oT&¥i8H^S»B 1 4 i T?£ I; 
0>&*iv7 h©»^07v7'A W%Ji 1 3 ©#3*Wffi«*:L* 

5 = 2j: ■ 2L/HO (9) 

15 T*£> 

5 = 2 7c • m (m(ig§&) ( 10) 

fc-T* t , SC ( 9 ) . (10) 

2L/A... +<D/2s=m (mlilSf) (11) 
20 £f#£„ ( 9 ) fWil 1 3 <B$fc¥Kj§g*iLa</h3 < ft* A<Z> 

£fb*£tt-*-s 5 a>xfb*a««4>"r* - t>mMx*£ * «t 7 m 

mi 2iC, fe^TtJKff- ( F7"3 >*±MBM - 7 ) Kcfc OHWLfc 

25 fgHfl) fc^-f. SfcJttfcfll t LT, CRT (cathode-ray tube) tf>fe 
(CRT) RZfm 1 S£^TM Lfcfi£*tf)Wfl£E Llt?^ 

I 5 



WO 01/39554 



PCT/JP00/08233 



mi — #^ffl'JC7)^£75ft^SP(i7;^^ h ^fL^ (spec 

trum locus) . B^pPtilifi^fl^ (purple boundary) $r^f„ 

SSI 3EIti. ^©^w^2 0HJfeiiia5tIELi?^^t. 

z.<Dmi 3 BC/Tt^«E m 4 i nm%m\z j: 

fig Ltz box- &z> a mzmmi 5 <D^m t^m.m taynMr-co^mm 

it 1 0 %nmtX£ <, zz -eti, j8WW*4^t>*** 2 «s 1 5 * 

15 mi 5^?>tt**iBSP«>^w«6(iL (diiTs±. mi^mmmt 

ES'j L T L 2 t-r-S) TlHWit (12) 5r^fc.-rm(D o #|:L, 

tewxt (13) *»A:-r«t ott^WffiULi ^ffl^nti^^. fc*f 

W^ft^H 1 3 c -ef££Lfc3teha<&igg|5 ($21i 1 5 ) ©i 
f-;S^^Ai:t5„ tt*>\ ^21^1 5±iC, 3©ff!2Ml 5 

25 ( 2 L , ) / A + 0/ ( 2 7T ) =m (mttSft) (12) 

( 2 L t ) / A +<P/ ( 2 * ) =m 1 + 4 (13) 

1 6 
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2 HI*, — ##fflj©fc©ft«gpti*'*? h (spec 
trum locus) tt^nPli^fi^flS)! (purple boundary) $r^t" 0 Ctit> 

io ui 5 cd ±«i?i (ai^mn ^miiiw^M) tx-piji&^mmzm 
it i o%mmt*g < > ci^T-ii, 2h^««^<&js:*j(! 2mm 1 5 * 

15 tsi 5*^?»tt**fisiJa>^W86«iL (c^r*i±. mmmBmt 

|ZJ3iJLTL 2 ti. TfSWit (12) *i/:.tm©H, ^I:L, 

;6<jE0>ft'h4i£(;:tt&m Wmtm 1 i:t<) {c^LT4*iD*fcT 
3E<B5t (13) *mtz-t J; o &3fe9*WE6ilL » «*nr^4. fcrtf 
U W«I6^JH 1 3 c T-#§£ Lfc^h ##JBSP (SB 2 S@ 1 5 ) ©I 

t-*— 7 $£H 5: A fc-T*. ttfc, SH 2 «g 1 5 ±(C Z (DW> 2 ttfli 1 5 

25 (2L, ) /A+4>/ (2*) =m (mttfift) (12) 

( 2 L 2 ) / A + ( 2 * ) =m 1 + 4 (13) 

1 6 
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miz7f,i-&7 iz^ # (r) % m (g) . « (b) cD&mmiztsii&z 

a>LTJRD thSftfcJfch (SI imizts^Tltm (G) flw^) # 
K ft -5> o 

#jp< tt*^isi^©asa[A<jt«!W?a5^s 2 is 1 5 s-^js^t-r s 
25 - k««i±, mnw&mm* tjuz (a i > mv>Kmmv>±.$!> 

1 8 
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35 1 8 HKc^-r J; ? |;, % \ Mfa I 2 * t> tt & 
* V- Klii S2li 1 5 tj8iBW^^i«7/ - K«ffit 
5 U £ 1 W£ 1 2fflfr &JG{fcfr«f£3te» 13c, jE?l«&i£Jl 1 3 bS 

° ^ *«JS 1 3 t^21i 1 5 £ £-£*3-e:T-o<D£:JgSr(5t L, *f|ft 

m^tm 1 3 c r-MLfc7fe$-tii i 3 »TSg (mi mm i 2 tvm 

tt*tt^^«*i|£2iSK»l (H^-H-T) Will 3t02 

m@ 1 5 ttDtinizwibtifcmfitn&afcitmm-t&z. t 

(3 /«£ £ „ 

* i m& i 2 ^b^^Miwn i 3 t^mnKmm i 4 tr-^ 

8t) 1 5Sa*/N'>y v^--> g >ffl| 1 6 S:^LT*7-7-fJ^ 2 0A< 

1 9 
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z.(Dtt 7-v 2 0 fi, c E L £55? 0 £B L 

:tttS. -3*0, * (R) FlH!c07t^^^-r§*?(c(i^ (R) 
5 ffci&nytnfrZmm-fZjj^-y 4 ju? 2 0 R**Rtt£ft, & (G) 

vmoycz^yti-zmT-izttm (b) ffimnytnfrzmm-r&ti 

-7 < 2 0 G*»Ktt5,n, W (B) fSttro^fcSgft-r.&IS^Ctii* 

( B ) flil£tf>:7££>^£jiiil-r£ #7-7-f;U?2 OB ^ISltbnt^ 

10 tLT, WiliS 1 3 fr£ft*#tB«(0*fc9fcfcjBEfBLli. US 1 fgfifcTg 
M-eUJH^ Lfc J; o IXOai^n-Sitrox^^ h )\,<D Ai£ 

*fe$t>(z x #*7-7^r;b^2 0 iz & if & M&m<nM^fe 

JR 0 ai L/c^*^ ? h;KDb*-^&^ Ai5^cD5feH, o # # v - 7 
20 ©^10^^*7-7^;^ 2 0 £ 0 fc*^©rtSBfflmftA-*-*Z. 

?«fi Aifi#G>}fc«:aS«$-e-*SElffitf:7 ;b?T*& zot'- 
25 H, CWtSRW*i<*#i:ft^. Lfcd^T, *7-7^;^20 



2 0 
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SB * tl -5 i t *>*(»ih tS tl & . 

K? 2 OBI^^ t) ^7 — ~7 4 )V 9 5*12® Lti^j: t Iff jstO Will ELIf 
(ftt*>^»f4 B(c:^Lfc*f»E LIS?) ©*Ut£|f*©<>5 * U- 
5 •> a Id 2 0 H*, Btiff (B ) fefg^oWJ&E L 3St? 

©fl-^KWfc^L, Glim (G) felS3l£OW«E LH^O^SWS- 
*U R(i# (G) fe!63tOW«E L*?0^3tKi**^^ 0 $2 0 

< & nr^4: fca**)^*. "Ttt*>5* 
10 *feS&ft<0*i*E LJR^lcas^Tli. # (B) m.)&(DftytKmtf&< 

isi «i { c * <d $ * m fi*j t -r <& wl « f i us o # yt sl m # m * £ n r i . 

%Z 1 Biz. ^iBL*fi:EILfc*7-7^^ ( 2 
OR, 2 0G, 20B) ©affl«rtt*^-r o ff? 2 1 H4>. B 14 if (B) 

Gtiji (G) &5£ft(D?i®ELm : Pizmmznz.i3 7-7 * )i,?(Dm 
a^tt^^L, R(i# (R) fe^TtowmE L^^(cieg$n-s>* v 

20 # 7 — 7 -c ;u ? £<BBS ^Stit^i'ioS 4 m c^tftl E L 

I?«^M$5:R (A) tU * >U? (D&mmZT (A) 

L*?C^KW*R t ( A ) TIBcoiC (16) cdJ: -5 C*$n*. 
R t (A) =T (A) XR (A) XT (A) (16) 
J5 !fS2 2 013. mi 9 0lw^Lfc*r«E Lag^CDfl-fcRtJSSt IT, 

it (16) iti-So'^T, If? 2 0 H&tfSJ? 2 1 Hl0>?*7 7££-/£L*:-> 

2 1 
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5 a. U-v 3 >fej|^St. ^2 2 0*. BtiW (B) fe2g#c7>W$! 
ELI?©MCT^U Gfi*§ (G) fe£3fc<BW*EL*iP©0> 
U Rli^ (G) £M©tHE Li?oMSIf?:Sl 
T<,^* 0 J&2 2Bl:,TtJ:^:, ^iELffik 

Will 3l^f^Lfc^jtron % flKOiULfc^fc:-* 

tfi$n*«fi«H*— S[**T^Sfc«), try-y * )\,? 2 0 

IfcS^iOMH, till 3 C*»^r«j««(cffllA 

25 # r* $ -5 0 
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5 J:S±iSfg3fcffl©W«E Lfg^lzftLT. $ h iz jj 7 - 7 -r ;u ? £R 
^•rd:"3(c % S^S1S3 HM^&JHU:, jSBJH*t*4fr£fc*SI2«ffi3 
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2 . 7;- KM*£fc<&¥«Bjj£S*JB 3 3, A'7 7rl3 4a,iE 
7LiS5i2£/i 3 4 bSt/W«IS3tS 3 4 c S>tt*W*MI 3 4 . S£fji£ 

*fa** v - Kiit-fe^i 1 «s 3 5 ^sms*. mmm^. 3 1 * 

^^zftfctaJifcjRfchllt;:, MSiRSftfca 7-7 * 2 0 £ 
5 M^-^-b-^TgHM-r^. ft*?, A7-7 ^^20 t±, 3MS*S3 1 

2 mm 3 2 1 ©Kjj-BBiiLT i> 

<fcfttf, 5£%:%:(Dn *»*>t>H0 di £ ft X ^ ? |- ;i, £ £> £ iggo 

10 K*£ft* «fc 5 #ffi»«£#*aKb£ft*. LfcA<oT, M 
IPfto|BHt3*5^T., K 0 tti$ ft A©y7M^/hJ<jfll 

lor/Elf* £ fc^HTftECfc*. 
15 !»*OttH 2©3i^jR^C«kftlf. 0 (R) „ *§ (G) . » 

20 Sfclc M^^Uffl 3 ©&jS*?KJ:fttf. sMR) , » (G) . 

W (B) ©&«ttKfc*tt*£»©£-?&fi©$83fc#£|g— O^JS^P 
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ftammiZtS^T* M*) this ti %>Ji(D%l^k X (Di/ ~7 bm.Z'^Z <fflA. 
10 *H%lz\Zn±£-&Z - fctfnlflEUitt*. 



2 5 
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it 3< o $g a 
i . ftR******^ i «sta«wt*#4^ s>tt**s 2 nmt<D?n 

10 (2L) /H*/ (U) -m (mli»3R) 

-TBH TffirE^WiEJIt L **IE©*/hffi £ & J: o KlUfiE £ ft 

20 MbOt:— A LfcJt-o., S 

(2L) /A + d>/ (2*) =m (mt±SE») 

(2L')/A+«D/(2s)=ml+4 
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3 . £tt*sB i w.mtmwttmfrt>u&m 2 mm torn 

ffifctt* «fc -5 dflUtJcStifca**? tl>H>T, 

7,^? t-?afcfi* A t L it 

(2L) /A+4>/ (2*) =m (m(ilt) 

10 _ttf)g&q «rJp^.fcSC 

( 2 L ' ) / A + O / ( 2 * ) = m 1 + q 

15 (z^Ttg^^^n^ <t t i> iz, ffl&m2*mRxfimtB&ytm<D'ptj: 

20 ut^^it^^I^. 

5 . #KSt*fi4jfrs>fc*gi i mm tmmtmfr z m tenia 



WO 01/39554 



PCT/JPOO/08233 



(2L) /A +0/ ( 2 it ) =m (mtiftft) 
5 Sri«fct-«H-ea{riE)t^WEg«IL!6<jE<7)«/hffi[fctt* J: o izm&Sft 
tz 

6 . 3tR««3f4*. i n&t.WRw&fri>ts.zmz nmtv>m 

X ^ ? h iUCD f- ? £ A £ L it 

(2L) /A+cJ>/ (2*) =m (ml±Ml) 
^^/■c-T^I&mCD o *>L#IE Oft/Hit £/«£&g&m 1 f-*f LT 4 

20 (2L')/A+fl>/(2«)=ml+4 

25 < t i>-jj&%m%ytmT~mftLtzftz&Mz^z&m%mm(D#km 

2 8 
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(2L) / \+<S>/ (2 tz) =m (mtiSEft) 
^IfctlSmO^ t>L^IEtf>§/MiI«i:&£m l tzftLT 1 0 &.±<D 
3g?& q £rfl[JX.fcxt 

(2L ') / A+ <D/ ( 2 * ) =ml+q 

IBISES o^ft < t i>—x&%&&ytm^%:ycLtzyiz&Mis-ez# 

(2L) /A + <t>/ (2*) =m (mtiftft) 

tz 

2 9 
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(2L) /\+<b/ (Ik) =m (mCifift) 
5 Iifctltm0 9 £L0<jE<0«/Wi8£tt*E»m 1 CJtLT 4 £#0 

( 2 L ' ) / A + <D/ ( 2 ^ ) =m 1 + 4 

io io. m i liti 2nmt<Dmiz&x.m&&&znz 1 1 tc, m 

*«»«Jgo«jg»t<i:« J; 3 nfcigjK*^ leaser. 

(2L) / \+<$>/ ( 2 *) =m (m(±«Eft) 
$:^/-c-r^^m(7)9 fcL*«iE0>*/MI£fc*«&in 1 LT 1 0 \>X 

20 (2L')/A+0/(27c)=ml+q 

i i . m mtm 2 mm t<Dimz&iK:Mtf»&tsti&£tt>iz^ m 
tzm i nmRvmmB 2mMv>7 o & £ft£#<7> ©&t>* 



3 0 
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5 12. m 1 2*ai:©iaiJ3563tS*«tt^$n* t tt>iz, ffi 

15 ( 2 L) / A + <D/ ( 2 k ) =m (mliSft) 

tz 

20 tern i MMRz/mBm 21109 *>0>7t#gx 0 ai^n-sTjoDtos^ 
&m&mma>&mtott£& * n izmm^ntzmmm^iz^^x^ 

HU I B % S T- 3££ L ft # b? IB ft £D -eSS* -T « fig (3 £ L* -5. 

3 1 
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(2L) /A+4>/ (2«) =m (mttKft) 
$-^/i-r^lSniC7)-9 £L#jE©«/.MI£&SRam 1 C^LT 4 
5 ^. fcxt 

(2L ') /A +0/ ( 2 * ) = m 1 + 4 

io iBffi i m^s^iuiBB 2 mm<D n ^>(D^tt<m o ta ^n^so^so* 
15 a-*-** v — 7 ^ ;u^*<»ite>n* 1 1 & tc N 

(2L) /A+<D/ (2*) (mttSEft) 
20 £*$§fc"?"iSI2&m<D ■? *> L &]E<DM'h{i$i t^5m 1 izjlfLt 1 0 gl±(D 

(2L') / A + <D/ (2/:) =ml+q 

25 15. &m.±teytR£ttmfre,tj;&iis 1 mm, ^ytmRxs 

e>te*m2um&mkmmisti& tut, ftriss 2m^st>'mjfH^ 
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5 *» OK 0 ft L OX a;? h;K5t-;SfiJA t Ltzi§^. 5* 

(ZD (2jc) =m (mttfift) 

tz 

10 16. IS±i:MOTAS^5|lli, ^S&tfSiBttiB* 

b<f5^2tg^si$n5i: tic, Huiem 2 mMS^'Huie^i 

(2L) /A+cJ>/ (2tc) =m (mtiftft) 
20 (2L')/A+<D/(27r)=ml+4 

25 ytmn'j>K< £b-*tf%mmxmr*miLLtzytz&m£-±z#M& 



3 3 
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(2L) / A + d>/ ( 2 jc ) =m (mliSS) 
5 S-ftfctlSm©^ -&Lj&<jE©«/hffi£fc*SE»m 1 l:^Lt 1 0 J*t 
±tf>g&q *: in*, test 

(2L ') / A + */ ( 2 * ) =ml+q 

io is. ssjiic^swwiR^&tt** i mm, mitm &&&&&&& 

#t£ © i: ft * J: -9 £fl|j£ tstitt ^mi- icjs^T, 

15 m o ai $ n s 3t tiHii-r &*v-7-<-;u? n/£ 

25 *><7>g* 0 aj Lfci^ox^ ? h ;KD A t Lfc»^ it 

(2L) /A+O/ (2tt) =m (mlllft) 

3 4 
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tz 

2 o. mm±.iz]iKmmfrt>te&m i mm, mxmRv&mmfr 
10 mEm^tmr-m^E ^frft&ffitz&munmffir-fcmTzmizttvz 

(2L) /A+<D/ (2?r) =m (m(±|g|K:) 

15 Ktz^i 

(2L')/l+<t/(2i) =ml+4 . 

zmtz-t £ o iz ^mit^mmL - *mmzntz 
20 2 ««;6<j|g#:stjg£n* 1 1 i> Hdiem 2 wssontaEfi 

3 5 
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(2L) /A+<I>/ (2k) =m (mliSS) 
Srifctlim©^ -ZL&lEnm'bi&tteZm 1 C^Lt 1 0 M±V> 
3£3& q €rADx./ixt 
5 ( 2 L ' ) / A +<&/ ( 2 k ) = m 1 + q 

15 ( 2 L) / A + $>/ ( 2 jc ) =m (mtt§g&) 

25 X^? h^W fcT-?«fi£ A £ Lfct§-£, it 

(2L) /A+<D/ (2tc) =m (ra(il^) 



3 6 
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( 2 L ' ) /A +4>/ ( 2 * ) =m 1 + 4 

(2L) /A + <t>/ (2tc) =m (mtljBEft) 
S'ifctSjgjm©^ *>L;6<IEa>g/hfil£tt£g& m 1 LT 1 0 \>X 
15 ±Wg^q €rjp^./-cxt 

( 2 L " ) /A +0/ ( 2 jt) -m 1 + q 
SrStfe-T <fc o t=SK^WI§KL '*<SS$nfc 

25 :iSr«r»i:t4*/7*?. 

2 6. S«±K)fcKS*W*4fre>fc*S5 1 f^JiSt/JiTO^ 



3 7 
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h ft * m 2 ««i #J6&8t « s n * t * t, k , fuis^Tt^ 

T-fgft; £ -e- *£lS5g#|&0£jgg|S i ft -5 j; o £tf|j£ $ n 

(2L) /A + <&/ ( 2 * ) =m (mtifift) 
10 *»A:-r«HT»«fflH3l£^fl<IlgKL*«iE«)«/hfflttt* J: 9 
tz 

i£ iji^ ^ J; i> l -> T ^ 

(2L) / A+ <D/ ( 2 it ) =m (mt±»ft) 
£Sfrfc-rSftm©-5 £L*<iEa>ft/httfcfc*S»m 1 l:^Lt 4 

25 ( 2 L ' ) / A +4>/ ( 2 71 ) =m 1 + 4 

3 8 
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2 8. mfo±iz?tK%ittmfrt>te&m i fm, fSTtJistf^Hflw^ 

10 X^?h;KDt-?|tfitULfc#^a 

(2L) /A+<J>/ (2w) =m (mtlfift) 
$-SI/'c-riElSmO-5 ■&L*«jEO«/hffli<c*m 1 <z*tLT 1 0i^±© 
SERq *Jp>tA:5SC . 

(2L ') / A + 0/ ( 2 x ) = m 1 + q 

15 zmtz-t±o izmmyt^mzmh - *«Ks*nfc 

2 9. MLLK^fcK****** IB 1 ttft* fB^tJBXtfaWttS^ 

20 nfc*^*^ 13 iJ^T, 

(2L) /A+<D/ (2*) =m (mliftft) 

3 9 
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3 o. i mm. &ytmRvmmmfr 

5 ntz&TKM? iz&^x^ 

(2L) / A + 4>/ (2*) =m (mt±M&) 
10 S"S§/c-riElSm<7)9 ^L^iEW^/hfilt ^-Sl^m 1 t^LT 4 ^-^D 

(2L ') /A + <!>/ ( 2 tc) =ml + 4 
15 3 1. aMS±te3fcR»«*4*£fc*» 1 fS^JB&tfMfcmfr 

X^? hKDf-^I* A t it 

(2L) /A+O/ (2*) =m (mttSEjR) 
feSSfc-TSEftm©} fcL*«jE©*/Mtt£fc*SEam lic^ltl 01^ 
-h<0*Rq «riD*fc5t 
25 (2L')/A+4>/(27r)=ml+q 



4 0 
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3 2. mm±izytRMtt&fr i mm. %?tmRifmmmfr 

IX 0 ft Z?tZ 7-7 ^ ;U*#^tt t>n/c: 

io htz^m 2nm*m<kmmtsft& 1 1 t>iz^ mizm 2 nm&mzmyt 
mx^ft\,tzft*pkmz^zpkWL%Mm.<Dpkm$>ttez>&n izmuzz 

fttZ^kTfrjf&^lZjS^T. 
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m : PiB5iiiieciW^i^7 l c)i i 3 c tizmnm t urss:itTt> £<,> 0 

M T D A T A C4, 4' , 4"-tri s (3-methy lpheny lpheny 1 amino) trtphenyl 
25 amine 3 . 2-TNATA [ 4, 4' , 4"-tris (2-naphty lpheny lamino) tr 
i phenyl amine] £ ft * 0 ft£>. '"W7rSl 3 a(£> U - ? 



g 



PSofci^ U^;UT-*fte*^l& It & J: i^o IE ?L f£i iii Jf 1 3 

bCi, 0J*lfcr-NPD CN. N* -di (1-naphthyl) -N, N* -di phenyl- CI, 
l'-bi phenyl 3 -4. 4' -diamine ] n*. f LT, W*8£3fcJS 

1 3 cCi. # ( R ) , *i (G) . W (B) *n-Ftt<35S7£fe*W-r* 

Alq3 (h'JX + y'J y — ;UT;i/£ — ^AStftO Srffli^*. 

WftJS 1 3 £tiJ5£-f £ cn^W^gii. /N' y 7 t® 1 3 a *M 5 n 
m~ 3 0 0 nm. IE?Ltfe2S)S 1 3 b # 1 5 nm~ 1 0 0 n nu 
3tJS 13c£M5nm~100n mtf>i5H UHS^ $ ft £ £ £ L 

io ^. f:f:u win 3 rt/ znzmm-t z&mnmmit, "tcoyt^ 

WIKfftf&t-i&llit- -affile ft * £ o (-t9:££ft£o 

-^^^i/^A (Mg) -^ig (Ag) , ^n^cD-a-^^-eis^^ 

nTl>5. £<Z>¥3iHJlSS*B 1 4 14. fill? A* 5 n m~ 5 0 nmOlgffl 
15 ftT^& Z. L^„ 

$ £(3. m 2 mm 1 5 ti. 0»J;ttfiHI:>r >v^i*XX (Indium Tin 
Oxide: I TO) W > v ^ A £ ffi|ScD®HI:$!^> — tSL&jizmwnm 

#3 0 n m~ 1 0 0 0 nm©iit-fe^u t ht^. ttz> Z.(DW> 2 

tfrntftbtiT^Zo zcDmwmmfate. u < tifft 2 *@ 1 5 &m 
j&.-r&wntfsmm.nmyr&z&'t&z- 1 ti-z. z<d£*> ummt 

LT, ifty 'J3> (SiO, ) , mitis 'J3V ( S i N ) S££JB^ 
£ £ fc#T-£. 0J*.{;f 5 0 0 nm~ 1 0 0 0 0 n m (Dmm^^B £ ft 
25 £ 0 

.r coWfiE LH^-eci. #&#W*4fr£ft£3l 1 1 2 ttii 

1 o 



i 3 t^mwfcmm i 4 tx~#mnm&&mf&tstixist) > &mm\ 

3 tf&mffltu^x^z. ^<Dtztb^ m\ mm 1 2 t^mm^mm 1 

4 tomnyt^mmffiL, -r^h^mmm 1 3 ^^-s^iigp©^ 

#jHIJ¥(2Ti5tf>5t (6) ^/"c-rj^citg^ft. ^w^r- IE 

7tii3c -e^^b^Tth^m 1 mm 1 2 sa^^Raf/i 1 4 xR 
m-t zmizZi v zmsis ? b s-o^vtv, w^^Ttn 1 3 c x^9t 

10 ( 2 L) / A + 4>/ ( 2 7T ) =m (mCiKSO (6) 

* LT, 1 3 «:«ffigt-S#S©BIJ?t±. ^n^itfc-T <fc -9 (3 

S9:^$nT^*. PkW&nft&ftWtlk L (i. W$IJi 1 3 

^•T^#S H*feJg«g(c*>^T(±/'W 7 7 11 3 a. iE7L*& 

iM® 13 bRzf^mmytm n C ) <D&m#rmn 1 . n 2 . n k 

15 £J3ItJ?d 1 . d 2 , -V d k tfrh, TfBtf)5t ( 7 ) © J: r> iziftsb h 

L = n 1 x d 1 + n 2 x d 2 + •••+ n k x d k (7) 
L miMMZmi? Z> A' 7 7 7ll 3 a#2-TNATA. IE?L 

mmm 1 3 b # a - n p d . mfa&ytm 1 3 c a< a 1 q 3 & z & 0 . 

"20 fnbO)9$*<fnfnd 1 = 3 2 niru d 2 = 3 0 n m. d 3 = 5 
OnmT^O. A = 5 3 Snmit^i, nl=l. 9. n 2 = 1 . 
8, n3 = l. 7 £> N 

L = 1 . . 9 x 3 2 + 1. 8x30+1. 7x50 = 200nm 

25 £tz^ Oli^©<J; •? (c LT#di $ £ -T\ £45 (0>J 

S ±(3^8 (Cri) £tzl,£¥&WKmm (Mg, 

l l 



A g . M g - Ag^if) £20-0 nmM±<DmmiZf&m^. 

U 7"V y h- U -Sfl^gfi (#1*1*.' S OPRAtl^^f) £ffl<^ 

xz.nh <r>wMm £ ^ ti ^mwKmm omvx m nRTfw&&&. k ^ # 

mfaMV>M$r&n b*m^Xst&-r&Z. t&r~& & Princi 
pies of Optics. Max Born and Emil Wol f, 1974 (PERGAMON PRESS) m 

±f5<£> 2 bo*a#<D-e&6o 

15 <D com?*— mZW^f %> A = 5 3 5 nml;:*f LTO = - 4 . 77 

ceo o (c«tfig$.n^w«iE LUT-eti. fcmmx&zm 1 *@ 1 

2 fc*f«|Jg 1 3 t^SB^SStS 1 4 fc-p&SSf 

20 ;kd f - ? ^ft A ie^lOT'c h tiiiW&ttmz <fc ^ Tit 3$ $ n-rm 2 
jy (£^gp<7)^iftgggtL) t±. 11 *i 1 2 <hW$IJf 1 3 t.*m*R 

Kmm i 4 tx&mmnmtmi&isnzmcDo ^©ieos/j^ks^ 
# ^ fi & i~ Ie ffl ft t ^ ts ( - ^ tz n & . 
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7 b ;K£» v ^ jl V — is 3 >#iJ£-7F-r„ ^ /i. Hi 1 2 (Cti 7 a A N 

Ztitzyin&Z.^ 9 b ;K£> is \ a. b — v a V^J^^-To c:cE>J± 
§£0iJoW*iE L Jfs^Ci. ^SSP^Tfe^WggBlLJ^^ti. ^ 1 <£>W*iE 
L£^£|s|*£(-«J?££n. * (R) flM^Tt^^^-T^W^E L^^ 
15 liA*.y7 7ll 3 af2 4 Onmtl, i (G) M^Tt^^t^ 
W*iE LUTti/'W 77li 3a5:l 9 0 nm£ W (B) Milled 
TtSr^Tfc-f &WME Lfg^Ci^-y 7?il 3 a^l 5 Onmtt^o 
fct?. Mill 3 tf>J@iJ¥£fia^L*r 0 Sf!9|gHi. COit^J t\s\m 

izmitsntz&mmmcnmfacDy << t Lr^^^t-x^ ? b 

20 )i<D is x 3. ]y — is 3 ymx& o x u^iox^^ h;i/tt^7tii 

3 ct^^^-^fcjt^^lf^^^fCtOaiLfcTfeWX^; b;K 
-r^^*.^ 7 laic^t" fi^fg^cX^ 9 b )V t fritz z. tt\ 

25 lis i 3 wn^ts^-r^ tx, wtiE Lm?fr*bm<o &nn&ft 



1 3 



nmntf-f ft terns t*&ix a n^y b*a</h$ <#P*.^n. 

/£ A <n m H -efejsES <£> fr± * m £ - t & & . 

m 1 o sft 1 mmmmiz^^mmE lm? (m= o ) <D&mn 

#<#i4£^L. i/Tllc^fltO 1 (JEM) > 30\ 60° <£>j%jg 

r*pj^$n^^i (o ^^^^TtcDx^^ b )vx~&& 0 £tz^ m i i 
muu Jti^j^wfiE Lit? (m= i ) <nmmftik&&zm-fr^y 

m i o mRvrn i i myitis lt#^* ,t •? mi iMiiij: 

tat 7 b lt*j£?\ 6 o • fnfci&^ortx^^ b ;u 

©t— >(± 1 0 nm*IJgtf)v' 7 b CJRSot^S. d ft L Titf£ 

#jow*iE Liftii,. mi i 0tc^f<fc -9 6 o ° irft 

tzi§£v> X ^ ? b ? # 3 On mIMJg {> fcs&Sffl'J l:v7 b L > 

dftte&<£><fc 9 ^ISCk "f fg^cMUlft LT#f#>77ft 
6?y7 yfr*>M.tzt§&^ xC ( 6 ) l± > TIHOit ( 8 ) ©J;o 

& ^. t> ft -I) o 

(2L) / A ' Xcos0+O/ (2^) =m (m(iIS) (8) 

A ' = A+ AA (Ati, &yt[R%IEWfr £ jl Ac 7 4 

;i/^tto^^; b ;ktd <h-T^ii. it (8) ^bAA = 

(l-cos0) AtJSO, #iSS&«^£«f£^*fc#tf>W#&Ji0>JK 

1 4 



tzs^K saioiiiao, m^/h$^^*< % 7^by»x 

m i mmmmiz &&%m.E Ln^-et*. /A^mif^^HH-efe^jg© 

(c & & cd , ftcoj; -9 ^iftia ry-Fii, -tut>^>^ i m 

5 = 2tc-2L/A + 0 (9) 

5 = 2 7t • m -(mC±3ggO (10) 

fT4> it ( 9 ) . (10) 

2L/A... +(D/2^=m (mJiSt) (11) 
*m&o it •( 9 ) -eWfllB 1 3 0)^toE§*iL#/h$ < tt* A co 
mitAlzftTZ 6 (D^t&&WPi-& a tfrz>mM-?g& «fc -9 fc, m 
CO/Jn$ l^J&^^jTiilc? -CDX^ ? h /U(Z)*Bj&<7*a — Kl3ft£. 

mi 2 m (C „ feS^TtJSit ( h 7* 3 > ftffl B M - 7 ) (3 <fc 0 HS'J t A: 

fgBJi) ^/Tto £ i: LT, CRT (cathode-ray tube) <75fe 

(CRT) 1 mzm^T&W Lfc^tiELl?^ 

I 5 



mi 2 0*. — #*UHl<z>$&G>ffi|g$piiX' > * ? h ;HJij$ (spec 
trum locus) > l±1fcffcWl&} (purple boundary) Itm "f. ^ tl £ 

*> o > c rt tats pi u&n&mmtfm&zn&z ttfmmzntz. 

Z(DW\ 3 0(3^-TW*lE L^^Ci. SH 4 HKz^-f SSI 1 mtt&B&lZ. J; 

io mi 5©iws (M*ef> xmrntonm) tx^mum&^m 

(i 1 0 %*IJt < > :i?l±, jgnj§fcf$4^ 2 *@ 1 5 £ 

15 mi 5 ^^^^^p^T'c^^jsggiL cit?ii, mimmmmt 

m.WlLXLz h-t&) ti> TI505t (12) %mtzi-m(D o #i:L, 
j&<jEO>l*/hflIlc:ft'&m (f®m?:mUI<) t;:*f L T 4 £#0 fcT 
IE<£>5£ (13) Zmtz-t «fc -9 ^^WlgBtL 2 *<J$ffl$ft-C^&. fcfc* 
W*K£3fc» 1 3 c ^^L/cfth^^P (S& 2 MM 1 5 ) <7>M 

A t-T^o ft 33. S£ 2 M 1 5 ±(c:> d<E>Sil 2 «@ 1 5 

(t^nr^-i.it-^tzti, ;©^7y^-y 3 >i^21gl 5 t 

25 (2L,)/A + <P/(27r)=m (mliUggO (12) 

( 2 L 2 ) / A + 0/ ( 2 ;c ) =m 1 + 4 (13) 
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z.(d& ■? limits ntzpkM%$ (-rtztDtm 2 mm 1 5 ) 1 1 4 

@i:,Tt«kTi:, # (R) . (G) . fr (B) o#^l*(c^fiC-r * 

^ownELi^o), *m.mt¥mwEimm 1 4 -r 

Afe^.HSD ? m2H*fe^M<hESiJLTL 3 t^fZ) l±. TISOiC (14) 
15 £Stfcf m©-5 4#tc L , #IE<7)g/h{it (- ft <€> m Wm?:ml £ 
m< ) CxILT 1 O.J^JKDSgjq, L< (± 1 8J^_htf)^2&q 1 £ 

tuztza, d5) ^^/-c-r «fc -9 uyttjtmzmL, «$nti^ 0 /c 

/:U W^^TfeS 1 3 c T*5£*kVtzyLhtf&M%$ (I2*jl 1 5 ) co 

'20 «f-^l^Att§„ ttiJ. B 2 l 5_h(c> dC7)^2m^l 

IStf bHTo-5«Dt{i, d -y v — 3 >i.i^2 H£& l 5 <h 

( 2 L , ) / A + <D/ (2j) =m (mliSIS) (14) 
25 (2L, ) / A+<D/ (2ff) =ml + q (15) 

izm-fZntz&Mffi (i-Ut>*>&2 Mm 1 5 ) (i> 31 1 6 

1 7 



m^^ir «fc ^ (R) . m (o . w (b) (D&&miz'tsu&& 

5 €r#ii<fc-f* £ t&Xg &o Lfr % 1 7 Hiz^-f J; -5 iz^ &M=F 

thznfcfth cm i 7 mizts (o ^«<o^) # 

? h ;Hgj&<HH ft (;:/£< Z\(Dtztb^ mi^MMWAz^ 

sm^E lm? tmmz. n:^nmnv>^mx&i&m.v>fa±.*m-z> z 

(3 £ „ 

sbm & me rt$6 l^l. mzmmnmRifmsmMmrnxm 

wm< K2>i5fa^cDgmm&it&& : )Wi^m 2 mm 1 5 z&m&t-rz 
Mcffit-*.^, ittz^ m 1 mmmmx^m LtzpkM%wm&it, 
"20 m2nmi 5 (&#*■<& _Lgp<a/*-y v^-v 3 >&) ^ «=> & * &s§p 

*$e Lm?^(DMmizm'fczft& t <Dxi,tu^ 0 m*.tf> t/-k« 

25 - k«@«. mnw^mm^T )\< s a ca 1 ) ^os#*)si®±^ 
izmwmnmzntetz 2 mmatiz lx t «t^. d^it-a-. ^cd^mhii 
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&d(D&Bjuz&ii&m i nmtt£& 0 fit, mwmnmiL 
<d — $p $r mm -f & *> <o t ft & „ 
* fc* a? 1 8 nd^-r .j: -9 13 % ^i mm i 2 sr^^iw^ £ft & 

*V-FtitL, i2iil 5 «rjgH^«g^^ft^T y- Kfit 
5 U ^llil 2ffl'Jfr £JGifcWttl$g3£Ji 13c, jEJimmm 1 3 

^77711 3 c «rat®LTft-5«^c(c tiSfflpTti-e**. C^it 

-a-. 1 3 tm2mm 1 5 t*&t>-&T—3<D&m&t 

fg^Jl 1 3 c -ef&£Lfc#«:W8SJS 1 3 <7)T« (SB 1 1 2 

10 -5 ftPfiStzfc^T. Pt, Au. C r 3?<B?Sfl:^KI&£ 

W"r.*Wf4A^ft-S¥«B^S:i*Jl (HJ^-fr-f) till 3^2 

(C ft & o 

M<B*i*ftE Lifc^tzRg^S-ft* £ fctift < „ ^B£ftS« 1 1 

20 1 1 9 iii, zcDmwom 4 mmnmiz £&m$&E lm? 

;t,* W^*. -Tft^-t,. 1 3 €r^tSSPt LT, 

Sltfil 2 ri^ft *ixi*Ji£W8Ui 1 3 t¥mW5z.MM 14tT^ 

S) 1 5&tf/*.y y^-y 3 >il 6 ^fTLT*7-7 -r ;U ? 2 0 # 
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Eg 3 ft T 1^-5. 

z.££-r&o ft ( R ) flMo^Sr^Tt-rs^^^ti^ (R) 

*mm.<n?tv>&*WM'fz> ± =7-7 * 2 o R^istt^n, ^ (o 
m&.<Dytz&9tt&&?izitm cb) sio^^ajit**^- 

7<f;^20 G#S:tt£ft. m (B) ^IiggW3 1 c^^7 , c-r -SS^l-lil? 
(B ) fl ig£ <£> ft <7)^£r^ 7-7^/^ 2 0 B>&<t8:tf£ttT^ 

<€>. 

LT, Wii 1 3 *^tt*#SSfl507t¥ttSE*iL(i, H 1 HSfeJB 
JHt?attB^ Lfc «fc -9 ID m^ft^ftwx^? h;i/Ot-^SIAj£ 

^©^fch & gn^&-f smm-em & j£^<miz&tzti % & digit £ ft 

^ 2 OffliJ) fr t>m.mZti%ftyiH<Dr> ^©^ELi^^b 
I 0 tt5 Lfc^X^ ? b ;K7)fcT-?i£g X&mcoytHx 7 — 7 

4 2 0 ^^iiLT^tggp (CdTSiWH® 1 3 ) -e^fft 
<B$gg<0^*;;&<* 7-7 -r 2 0 J; 0 & C7D i^j OffliJ At^ £ 
£ j&<KnL£ft<5. 

A $£#0>#£3iJfi 7 w ^ 9 & tz ft . £<B fcT- 

Ai£{5ftf)^7 I cH , (C*f-f ^ -T^^^^Tfe 

H, CWtSSI*$^i:{fi^. LfctfoT. A7-7^;^20 



-c-znRm&fflx.bti^ mmij^-y 2 0 £j8jslt aspics* 

Ill 2 Oil:, #7-7^;u?£g2gLT^&Wff^wW*lELf^ 

v/3 >ISm^^1- 0 12 Oi4", BtiW (B) fe^Tt^WfiE LIS? 
^ft^^U GC±*i (G) &%L?i<DmmE Lm?<DWtfcMZ 
^L. Rli# (G) fe^tlELi?©^M^/Tto 120 
ElK^-r J: -9 ^WiELi^tt, #5S3fcfe©t-?&SAttjfi 

Wfefi^^W^E Lfg^K&^Tti. W (B) ii^^Mf^fK 

^2 111:, ^tiELi?(:iHILfc*7-7^^ (2 
OR. 2 0 G. 2 0 B) '©jgJfiJ&ttfc^-f • SB 2 1 EI*. B(±ff (B) 
fe^Tt^WHE LH^tiEBSft-S* 7-7 ;t/*a>SJStei4£^ U 

Gt±jg (G) fe^otiE Lm^izgtwznzti^-y * )U9<Dm 

il^'tt^L. Rlijfc (R) .fe5^<3W«E LJg^KBESSnS* 7 
-7 (Dm&ft&ZTjii-o W>2 1 SK^tf" J: 7 £-£7-7^ 

d d-e^ * 7-7 >r ;^^I21$ntt^d:^i 4 Htc^-f W*$E L 

m^nmtfcmmzR (a) ti, *7-7^b^m$:T (a) 

tL/ii^, 77 7-7 )V9 tfWctf bftT^&m i 90^^-rwtSE 
LI?coMRIt$R t ( A ) t±. Tia^it (16) <D £ -9 (c^$n^„ 
Rt(A)=T(A)xR(A)xT(A) (16) 
^ 2 2 0tc N H 1 9 iCTlfc^iELi^WMRI^i: LT, 
it (16) ^IcS^^T, ffl 2 0 0X^2 10©y77«:^l/fcy 

2 1 



~ a. U-v 3 >gS*gt. W.I 2 BCiW (B) fe^3fc<Z>W*R 

ELU^Wfl^R!**^^ Gti^ (G) ^^(D^mELBf^^ 
ytfcMZTfi^. Rti# ( G ) fefSftOW^E L^^c^^TtjKlt^r^U 

^fi Ajfi^cD^hti. ^<7)£ tLmStiLV f (W«JS 1 3) 
L. ^i:*7-7^;^2 0 £3gJSLT^^3tfc LTIX-D £ti£ft&o 
Z.<Dtztb^ W*E LS§?flT-§i^Lfc£50£©iffi{i. * 7 - 7 -r ;u 
?©3ij^©*fc«fc oT&fciJSn*. Lfr L. #Wt£E Lit^tcti. 

U^c o f - A i£§W7 l c h 0 fil t l:^(f -5 i btz< . 

"PI (3 |SJ ± $ Z> Z. t & oj f £ (c ft £ „ 

L^4 % ^CDWHE LJ^tc&^Tti. ^#7-7^ 2 0 K# 
tt^-S&^Wffi^&^IBHlzfcf LT, cottfBS'l 3 T^tgLTlXO 
il^n-S^^iEH^— WLZ-&T^&tztb^ *7-7^i^20 
Lfc&g*&B<z>*HfcH , ©Rlt*. till 3 UJs^TS&mftlcfflJ* 



d £ & T- £ & . 

5 J: <S_hffi^7 l cM<£>WJ$l E L^^lc^f LT % $ iz ti =7 - 7 4 )V 9 ZWt. 

10 n**7-7-r;u^Ci^ -hizE Lfc J: -9 ttjgJ&^NMtSrW?" -6 rot** 
* IT, Sit 2 lH^iT^B^ L/£#*P|j5Jc(Z*t IT * 7 - 7 -f ;U ? £ 

"20 ^HSL^oMTC^(^3 vhvXh £*"Pstc|i3]± $ -a- -5 c £ # 
25 0 £Bt-ti^c7)W*lE LH^Plz tlfflf^i^Cti, ^J^.(f^2 3 0(3 

tiki- & tic mmm^3 imfrtmiz^ mwtt&fr£>tsizm2um3 



2 3 



2 > 7 / - vmmzmte&^mmKmm z 3 . 7 ?m 3 4 a . ie 

?Lii^® 3 4 b&tfW*if£7te 3 4c <S>W*iJg 3 4 . R£fJS£ 

Mfe-s* v - Ymm-efrzw, i ati 3 5 zmmz-&. mw^u 3 1 £ 
5 ffi^-g-;b-tf T@Hg-r «t\ *7-7-f;i/no(t mmmu 3 1 

^^^^^^ &m^tzm.^%iW.<D&n%imfflz , 

T j£ if & z t w ajfg c & * o 
15 |f>f<^igH 2,Oi^i? 13 Jinif. (R) . & (G) . w 

"20 IS*© II 3 W^^ffe ^ (R) . & (G) . 
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ttz^ m>£<nffiffl 4 (nm^m^iz knit, ^mmmmtij 7-7 * 

^♦S K [6j± S -fr * £ # oJfl6 ft <£> o 



ti & <d m ffl 



k n * t 1 mum znmRzfmB&yiisn'pte 

(2L) /A + <D/ (2«) =m (mC±SE») 

(2L) / A + <D/ ( 2 tt ) =m (mtifigO 
^l/:tISmOo L #IE0>l*/hfiti:ft<&!g&m 1 KfcfLT 4 

( 2 L ' ) / A + O / ( 2 7t ) = m 1 + 4 



3 . jfcKtttfftfr it fig tmwwPtfr h % w> 2 mm tnm 

(2D / A + O/ (2^) =m (m(illl) 

10 ±Ol^q ZMZ-tziZ. 

( 2 L ' ) / A + O / ( 2 ye ) = m 1 + q 

15 (;: ft* <b t t HtjfS^ 2*<l^t/Htj|5^7 , 6lg^ / >^ 

o tb $ ft & 7t £ i- & ij =7 - -y * ^ 9 11 h ft tz 

5 . ytK&itt ft & i nmtmwttftfrz>te&m z mm torn 

< t t>-yjtf%mmftmr^ftLtzftzpiMts&&Pkmmnm<D&n 
situ* r> izmfczntzmfjimT-iz&^r , 
25 m&m 2mm<v±.i5^. mz&m&r*&mLx%i&& i mm®wh 
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(2D /A + 0/ (2 7t) =m (mti^^O 

tz 

6 . ytKMwmfr^te&m i m^t^M^^-siit 2m@<h<z>rB , j 
(3^7te*^f#$ t tbiz, mem 2 m^&tfjftiH^ftjf <7v>*i 

< t h-i5^^m^ftmx^^vtz9t^^m^^^^m^mm.(D^m 
m 0 & $ ti & yt £ mmt & * ^ - 7 jv 9 # ^ n & 1 1 & iz N 

? h ;K7) f - ?&^2r A £ Lfcii<8-. 5t 
(2D /A + 0/ ( 2 ;t) =m (mi«gt) 

(2L ') / A + d> / (2tc) =ml+4 

2 8 



(2L) / A + <D/ ( 2 * ) =m (m(iSSt) 
^|f:tllm«0 £ L#jE0>«/HiI£ft£m 1 1 0 J^_ttf> 

ESt q £ #D ;i Ac St 

( 2 L '. ) / A + 4> / (2«) =ml+q 

8. m "i 2 *afc<z>rafc£7fcB;&<»i#$n£ 1 1 t> iz. Hula 
m i wffist^Husa^ 2 -5 *> o m £ n £ <£> & <7>st>*Hu 

( 2 L) / A + 4> / ( 2 * ) = m ( m ) 
20 *^/st-|5HT-Hy|B^WEgl(iL*<iECD®/J^fc^« J: -3 

9 . fji i nmtW2 mmt(Df^[z^ftmtmn^n^ t hi;, tuiH 
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